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I0 
1.0 ImRoDtJCmm m smMARY 

!Phis document presents the Thor/Delta paylofld capabili t ies f o r  
North PoLru. circulax and elliptical orbits and fo r  space probes. 

Proposed launch sites and r u e  safety requirenents should be 
revieired by the United States Governnent i n  l i gh t  of Thor/l)elta 
experience i n  the Unlted States. 

A description of the  Thor/Delta vehicle and performance 
c lwec te r i s t i c s  pertaining t o  it are  e l s o  Given. 

C 

. 
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2. DESCRIPTION OF THE THOR/DELTA VEBICLE 

Thor/Delta i s  a fully developed and f l igh t  proven system, 
re l iabi l i ty  record i n  accompliehment of orb i ta l  missions and diverse 
epace probes i s  unequalled. 

Its 

Figures 1 and 2 present outboard and inboard prof i les  respectively 
of the Delta Vehicle. 

2.1 F i r s t  Stage Vehicle 

2.1.1 General Description 
The f irst  stage 18 8 Model CM-21 Thor vehicle (figure 3) consieting 
of a t ransi t ion section, Are1 and l iquid oxygen tanke, a center 
body section, and an engine and acceeeorieo section. I n  addition, 
the t ransi t ion section structure is modified t o  sccomda te  the 
loads imposed by the second and t h i r d  stage vehicleo. 

0 

2.1.2 Propulsion System 
The Delta booster vehicle propuleion syrtem conrir t r  of I, Rocketdyne 
MB-3 Block I1 main engine, rated a t  170,000 pound6 th rur t  ( r e s  level  
stabil ized) and two Rocketdyne vernier enginor, rated at 1,OOO 
pounds thrust (rea level) per eqine .  
are used ae  pragellantr. 

Liquid oxyeen and RT-1 f i e 1  

The main engine provides prime vehicle thrurt and control durigg the  
f i re t -s tage powered f l i gh t  phacle o f  the vehicle trajeotory, 
Mrectlonal control of the vehicle I s  scconlplirrhed by the  gimballing 
of the  main engine in rerponee t o  rignrlo f rom the f l i gh t  oontroller. 
The two vernier englner provide both roll oontrol arr required during 
the  first-stage powered fl ight,  including programmed r o l l  control 
f o r  orientation of the vehicle in aeimuth, and final thrust ad3uetmente 

2 
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ERECTION OF TYPICAL THOR DELTA FIRST STAGE 

FIGURE 3 



i 

required t o  maintain a positive g force during second-stnge ignition. 
The vernier engines can be gimballed i n  pi tch and yaw i n  t h e  same 

manner as t h e  main engine. 
p i tch  actuators are activhted different ia l ly ,  the  vernier engines 
move i n  opposite directions t o  produce vehicle r o l l  response. 

When the vernier engine hydraulic 

Performance character is t ics  of t h e  f i r s t - a t age  proptd,aion system 

a re  given i n  Table I. 

2.2 Second-Stage Vehicle 

2 .Q .1 General Description 
The second stage vehicle (figure 4) coneists of an AeroJet General 
Corporation (AGC) AJlO-118A Propulsion Syatem and an equipment and 
guidance compartment. 
Telephone Laboratories (IfilL) guidance syatem, a f l i g h t  controller, 
and the necessary instnuentation. 
mounted a t  the forward end of the equipment and guidance compartment. 
This ball bearing assembly aupporte the  spin table, which accammo- 
dates epin stabil ized payload requiremcnte, and which alro rupportr 
the th i rd  s tage/paylW combination. 

The forward compartment houees the Bell 

A b a l l  bearing asrernbly 1s 

2.2.2 Propulsion System 
The second stage AJlO=U8A Propubion System conri t r  of a pgenera- 
t i ve ly  cooled thrust chamber srsembly; propellant a y r t m ;  helium 
preesurization syr tm;  a r o l l  pitch and yuw a t t i t ude  control ryotem; 
and the interconnecting plumbing and airframe structure. 

The thruet chamber l e  rated at  7,575 pound t h a t  (nominal) i n  
vacuum; however, CL gradual, reduction i n  thruet level  occura during 
the l a t t e r  part of burning due t o  a portion of the  gas prerrrure 
supply being used f o r  r o l l  nozzle operation during th i s  phase of 

operation, thereby reducing t h e  propelhrrt tank greeeure. 

6 





FIRST STAGE Pi3OPULSION SYSTEN PEWIIMANCB CIWRAi;TmSTICS 

ITEM PEEFORMANCE 

Thrust, Main h-ine and Verniers (Nominal) Sea Level 170,000 -f: 2000 

(30 second value sea level stabilized) 

Altitude 193,400 l b s  

Total Propellant Weight Flow (Nomiaal) 

Mixture Ratio( Calibrated) at sea level WO/wF 

(Includes Re-circulation losses for Oxidizer) 

Specific Impulse at Sea Level (Momina) 
' 

Main Engine Burning Time (Nominal) 

Vernier Engine Burning Time (To depletion) 

Propellant Utilization (Nominal) 

MIN. P.U. (3-sigma) 

660 lb/sec 

2.15 

250.4 sec 

150 sec 

163 sec 

99. >$ 

99$ 

. 
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Inhibited red fbming nitric acid and unsymmetrical dimethylhydrazine 
m e  utilized as oxidizer and fuel respectively. 
into the thrust chamber at a nominal mixture ratio of 2.76: 1 by 
weight of oxidizer to fuel. 
thrust chamber by high pressure helium. 

They are iaected 

. 

The propellants are pressure fed to the 

* Performance characteristics of the second-stage propulsion system 
are given in Table 11. 

2.2.3 Guidance System 
EJIlL radio c o d  guidance steering is utilized during first and 
second stage parered flight. 
accomplished by BTL. 

Second stage command cutoff is also 

1.n addition to the ITm, system, programmers in the fir& and second 
stages provide coarse trajectory direction. 

During powered flight, pitch and yaw control is accomplished by 
gimballing of the main thrust chamber assembly. 
accomplished by expelling regulated high pressure gas through 
separate (clockxise and counterclockwise) pairs of nozzles during 
both powered flight and coast period durations. 
powered flight, pitch and yaw control can be accomplished, when 
desired, by expelling pressurized gas through nozzles installed in 
these two planes. 

Roll control is 

Subsequent to 

2.3 Third-Stage Vehicle 

2.3.1 General Description 
"he third stage vehicle consists of an Allegany Bsllistics Laborator- 
ies ( A B )  Y248-AgaM solid-propellant motor Kith forward and aft 
mounting rings. The motor is supported at the aft end of the 
cylindrical rocket motor case mounting ring by a hinged petal 

9 



TABLE I1 
SECOND S W E  PROPULSION SYSTEM PERFOMCE CHARACTERISTICS 

ITEM PERFORMANCE 
Thrust at Altitude (Nomiaal) 7,575 l b s  

Total Impulse (Minimum) 1,250, OOO lb-aec 
In Vacuum 

Total Propellant Flow Rate (Nominal) 28.42 lb/sec 

Mixture Ratio (Calibrated) at Altitude io/if ( N o m i n a l )  2.76 

b 

Specific Im,pulse at Altitude ( N o m i n a l )  272 8ec 

w i n e  auning Time ( N o m i n a l )  For No Roll.  8ec 

Nozzle Operation (Engine Burning Time and Thrust 
Decay Vary With Amount of R o l l  Nozzle Operation) 

a- 

', 
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structure assembly (figures 5 and 6) This assembly includes a spin 
tab le  and spin rockets. 
payload and third stage (figure 7) i s  jett isoned during second stage 
operation. 
after second-stage burnout and an appropriate coast period. 
third stage and payload is then released after the  firing of exploaive 
belts  which hold a b a d  that Bec-ures tine forward end of t h e  pe ta l  
support structure t o  the third stage motor. 

The aerodynemic fair ing which covers both the  

Spin-up of the th1l.d stage and payload is accomplished 
The 

9 

The centrifugal force opens the petals  allowing the  spin s tabi l ized 
third stage/paylosd combination t o  separate from the  coastiag second 
stage. A t  t h i s  same time, a reverse impulse is  applied t o  the 
coasting second stage vehicle t o  provide the proper eeparation 
distance between the second and t h i r d  stages. Third stage ignit ion 
then occurs approximately 15.5 seconds later. The support structure 
and spin table remain with the second stage vehicle. 

Payload separation is accomplished by release of a restrsikring 
clamp, allowing a spring t o  s e p r a t e  the two objects. 

* 

Approximately two seconds a f te r  payload separation, which  occur^ a t  
least 120 seconds a f t e r  th i rd  stage motor burnout, a YO system is 
deployed t o  tumble the third stage motor i n  order t o  prevent the  
third stege from impacting the payload. 

Performance characterist ics of the ABL X248 motor are preseqted i n  
Table 111. 

11 









TABLE I11 
THIRD D W E  PRGFULSION SYSTEM PERFORMANCE CHARACTEEUSTICS AT V F  

ITEM P E R F O M C E  
Average Thrust at  Altitude (Nominal) 2,760 l b s  

Maximum Thrust at  Altitude 3,100 l b s  

Consumed Weight (Based on Loss of 9 lbs  of Inert 

Weight During Firing) 464.5 l b s  

Specific Impulse in  Vacuum (Nominal) (Based on Loss 
of 9 l b s '  of Inert Weight Wing Firing) 

m i n e  Burning Time 

Total Impulse at  Altitude e 

254.5 sec 

42 sec 

ll5,875 lb-eec 

15 



3.0 THOR/DEIIIIA DSV-3B PAYLOAD CA.P~CITIES 

The polar orbit  capb’ilities of t h e  Delta DSV-3B space vehicle with a 
low drag fa i r ing  have been determined. I n  the analysis, considerations 
of range safety, aerothem-odymmic heating, and payload requirements 
( i . e .  spin axis  or ientat ion)  were omitted. The f irst  and second stages 

were programmed t o  follow a b a l l i s t i c  t ra jec tory  (zero angle of a t tack)  
after an early first stage pitch rate of short  duration. 

WBS injected in to  orb i t  by the t h i r d  stage at  second stage apogee. 

The payload 

Typical instantaneous impact point 

from the  Pacif ic  Missile Range are shown i n  figure 8.. 
figure are nominal stage 1 (bECO) ,  Stage I1 (SECO) and stage I11 

propellant depletion shutdown (PDS) impact points.  
t y p i c a l  three sigma l a t e r a l  dispersions and impact e l l i p ses  assuming 

the  guidance system inoperative. 

( I IP)  t races  f o r  southward launches 
Shown i n  t h i s  

Also shown are 

The pqjload weight capabili t ies fo r  polar orbi t s  are  shown i n  

figures 9 and 10. 

capabi l i t ies  while f igure 10 presents the  space probe capabi l i t ies .  
The first and second st%e nominal propellant u t i l i za t ion  (PU) a r e  
99.6 and 96 percent respectively. 
assumed t o  be 15 pounds. 
of the Pacif ic  Missile Range; however, f o r  polar orb i t s  launch 

la t i tude  has a very s.mU effect. on payload capabili ty.  F‘igures 9 and 

10 are therefore general. 

Figure 9 presents e l l i p t i c  and circular  orb i t  

Payload support equipment was 
hunch was assumed t o  be at the  l a t i t u d e  

Impact surface range a t  MECO, SECO and Stage I1 PDS a r e  shown i n  

figure 11 as a flulction of Stage I1 apogee altitude. 
range i s  very insensi t ive t o  payload weight. The semi major axis of 

the  Stage I1 impact e l l i p se  i n  the  range direction i s  very sensi t ive 

t o  t ra jectory shaping varying between 200 t o  500 nautical  miles f o r  
med ium a l t i tude  o rb i t s  up t o  1500 nautical  miles f o r  l o w  second stage 
apogee space probes. 

( for  specific hunch s i t e s )  Stage I1 impact point can be subrarged 

8 

MECO surface 

_ _  
Note that i n  order t o  avoid impacts on land 
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and t o  a certain extent extended by proper t ra jectory shaping and at 
the expense of payload weight. 

I n  addition, for certain launch s i t e s  and inclinations, a dog-leg 
maneuver In which ei ther  the  second stage or th i rd  stage or both a re  
yawed, must be performed i n  order t o  avoid land overfly. 
yaw angles up t o  about 30 degrees were investigated f o r  600 ani3 LOO0 
nautical mile circular orbits.  The payload losses as a function of. 
change i n  payload iqjection velocity azimuth are shown i n  figure 12. 

As seen, the weight loss for a given change i n  azimuth i s  less fo r  
lighter payloads. 

4 Third stage 
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